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Abstract : The structural and magnetic properties of the Zn substituted slow cooled and 
quenched samples of ZnACti| _xFeCr04 ferrite system with chosen values of concentration (jc) 
have been investigated by means of X-ray diffraction, a.c susceptibility, magnetization and 
Mossbaucr spectioscopic measurements The X-ray results confirm the single phase spinel 
structure for all the concentrations The electrical measurements confirmed non-existence of 
mixed valence m the samples The results ot slow cooled samples suggest that the system under 
investigation exhibits fern-cluster spin glass type of magnetic ordering for x < 0 4 while tor 
x > 0 4 it shows only a cluster spin glass type of magnetic ordering The results of quenched 
samples suggest that the present system approaches the cluster spin glass type of magnetic 
ordering for \ > 0.1
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1. Introduction
T h e  p o s s i b i l i t y  o f  c o n t i n u o u s l y  c h a n g i n g  t h e  c o n c e n t r a t i o n  o f  n o n m a g n e t i c  i o n s  i n  d i f f e r e n t  
s u b l a t t i c e s  m a k e s ,  f e r r i t e  a  v e r y  i n t e r e s t i n g  m a t e r i a l  t o  s t u d y  t h e  a p p e a r a n c e  o f  v a r i o u s  
m a g n e t i c  s t r u c t u r e s  1 1 —8 ] .  T h i s  i s  d u e  t o  f a c t  t h a t ,  i n  t h e  s p i n e l  i n t r a - s u b l a t t i c e  UbuJ aa) 
i n t e r a c t i o n s  a r c  w e a k e r  t h a n  t h e  i n t e r - s u b l a t t i c e  (Jab) i n t e r a c t i o n ;  a s  a  r e s u l t  t h e r e  a r c  
u n s a t i s f i e d  b o n d s  i n  t h e  f e r r i m a g n e t i c  p h a s e .  B e c a u s e  o f  t h e  t h e s e  u n s a t i s f i e d  b o n d s ,  
i n c r e a s i n g  t h e  m a g n e t i c  d i l u t i o n  a c c e n t u a t e s  t h e  c o m p e t i t i o n s  b e t w e e n  t h e  v a r i o u s  e x c h a n g e  
i n t e r a c t i o n s  r e s u l t i n g  i n  a  v a r i e t y  o f  m a g n e t i c  s t r u c t u r e .  T h e  s t r u c t u r a l  a n d  m a g n e t i c  
p r o p e r t i e s  o f  f e r r i t e s  d e p e n d  u p o n  t h e  c o o l i n g  r a t e  e m p l o y e d  d u r i n g  t h e  s y n t h e s i s  o f  
s a m p le s .  I t  i s  p a r t i c u l a r l y  i n t e r e s t i n g  t o  s t u d y  t h e  c h a n g e  i n  t h e  p r o p e r t i e s  o f  s p i n e l  s y s t e m s  
c o n t a i n i n g  C u 2 +  i o n s .
T h e  p r e s e n t  c o m m u n i c a t i o n  a i m s  t o  s t u d y  t h e  e f f e c t  o f  c o o l i n g  r a t e  o n  s t r u c t u r a l  a n d  
m a g n e t i c  p r o p e r t i e s  o f  Z n x C u j . ^ F e C r C ^  s p i n e l  s y s t e m  b y  m e a n s  o f  X - r a y  d i f f r a c t i o n ,  a . c .  
s u s c e p t i b i l i t y ,  m a g n e t i z a t i o n  a n d  M o s s b a u e r  s p e c t r o s c o p i c  t e c h n i q u e s .
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2. Experimental
T h e  s e v e n  s l o w  c o o l e d  s a m p le s  (x =  0 . 0 ,  0 . 1 , 0 . 2 ,  0 . 3 ,  0 . 4 ,  0 . 5  a n d  0 . 6 )  a n d  f o u r  q u e n c h e d  
s a m p le s  (jc =  0 . 0 , 0 . 1 ,  0 . 2  a n d  0 . 3 )  o f  t h e  s p in e l  s e r i e s  Z n ^ C u ^ F e C r C ^  w e r e  p r e p a r e d  b y  t h e  
u s u a l  d o u b l e  s i n t e r i n g  c e r a m i c  m e t h o d .  T h e  s t a r t i n g  m a t e r i a l s  w e r e  A R  g r a d e  ( 9 9 . 3 % )  
o x i d e s ,  Z n O ,  C u O ,  F e 2Q *  a n d  C r 2Q ? .  T h e s e  o x i d e s  w e r e  m i x e d  i n  p r o p e r  p r o p o r t i o n  a n d  
p r e - s i n t e r e d  a t  9 5 0 ° C  f o r  1 2  h .  I n  f i n a l  s i n t e r i n g  p r o c e s s ,  f o r  s l o w  c o o l e d  s a m p le s ,  t h e  
m a t e r i a l s  w e r e  h e l d  a t  1 1 0 0 ° C  f o r  1 2  h  a n d  s l o w l y  c o o l e d  t o  r o o m  t e m p e r a t u r e .  F o r  t h e  
q u e n c h e d  s a m p le s ,  m a t e r i a l s  w e r e  h e l d  a t  1 K X T C  f o r  1 2  h  a n d  t h e n  q u e n c h e d  i n  l i q u i d  
n i t r o g e n  ( 8 0  K ) .  T h e  X - r a y  d i f f r a c t o g r a m s  w e r e  r e c o r d e d  u s i n g  C u K ^  r a d i a t i o n  o n  a  
P h i l l i p s  X - r a y  d i f f r a c t o m e t e r ,  m o d e l  P M  9 2 2 0 .  T h e  d i f f r a c t i o n  p a t t e r n  s h o w e d  s h a r p  l i n e s  
c o r r e s p o n d i n g  t o  a  s i n g l e  p h a s e  s p in e l  s t r u c t u r e  f o r  a l l  t h e  c o n c e n t r a t i o n s .  T h e  l o w  f i e l d  a . c .  
s u s c e p t i b i l i t y  m e a s u r e m e n t s  f o r  p o w d e r e d  s a m p le s  w e r e  m a d e  i n  t h e  t e m p e r a t u r e  r a n g e  
8 0  K  t o  6 0 0  K  u s i n g  t h e  d o u b l e  c o i l  s e t - u p  [ 9 J .  T h e  a p p l i e d  f i e l d  w a s  4 0  A / m .  R o o m  
t e m p e r a t u r e  m a g n e t i z a t i o n  m e a s u r e m e n t s  w e r e  p e r f o r m e d  u s i n g  t h e  h i g h  f i e l d  h y s t e r e s i s  
l o o p  t e c h n i q u e  1 1 0 ] .  T h e  M o s s b a u e r  s p e c t r a  w e r e  o b t a i n e d  a t  2 9 8  K  i n  t r a n s m i s s i o n  
g e o m e t r y  w i t h  a  c o n s t a n t  a c c e l e r a t i o n  t r a n s d u c e r  a n d  a  2 5 6  m u l t i c h a n n e l  a n a l y s e r  o p e r a t i n g  
i n  t i m e  m o d e .  A  g a m m a  s o u r c e  o f  57C o  ( R h )  o f  1 0  m C i  w a s  u s e d .
3. Results and discussion
T h e  l a t t i c e  p a r a m e t e r  a (A) o f  t h e  s l o w  c o o l e d  s a m p le s  a n d  q u e n c h e d  s a m p l e s  o f  t h e  
Z n t C u i _ 4F e C r 0 4 s y s t e m  p l o t t e d  a s  a  f u n c t i o n  o f  Z n  c o n t e n t  ( * )  i s  s h o w n  i n  F i g u r e  1 . T h e
F i g u r e  1 . V a r i a t i o n  o f  t h e  l a t t i c e  c o n s t a n t  a ( A )  w i th  Z n  c o n t e n t  ( x ) ,  s l o w  
c o o l e d  s a m p l e s  ( o ) ,  q u e n c h e d  s a m p l e s  ( • )  o f  Z n C u F e C r O  s y s t e m .
l a t t i c e  c o n s t a n t  i n c r e a s e s  l i n e a r l y  w i t h  z i n c  c o n t e n t  (x) f o r  b o t h  t h e  s e t  o f  s l o w  c o o l e d  a n d  
q u e n c h e d  s a m p le s  t h u s  o b e y i n g  t h e  V e g a r d ' s  la r t v  [ 11 ] .  I t  i s  s e e n  f r o m  F i g u r e  1 t h a t  t h e  
v a l u e s  o f  l a t t i c e  c o n s t a n t  o f  q u e n c h e d  s a m p le s  a r e  l o w e r  t h a n  t h o s e  o f  t h e  s l o w  c o o l e d  
s a m p le s .  T h i s  h a p p e n s  b e c a u s e  i n  q u e n c h e d  s a m p le s ,  t h e  f r a c t i o n  o f  b i g g e r  Z n 2+  ( 0 . 7 4  A) 
i o n s  r e p l a c e s  t h e  s m a l l e r  F e 3+ ( 0 . 6 3  A) i o n s  o n  l a r g e r  o c t a h e d r a l  s i t e s  [12]. T h u s ,  t h e  
r e p l a c e m e n t  o f  b i g g e r  i o n  ( Z n 2+)  f r o m  A - s i t e  t o  f i - s i t e  r e s u l t s  i n  a  d e c r e a s e  o f  t h e  l a t t i c e  
c o n s t a n t .
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C o m p a r i n g  s i t e  p r e f e r e n c e  e n e r g i e s  o f  t h e  c o n s t i t u e n t  i o n s  a n d  f r o m  o u r  e a r l i e r  
j e s u l t s  [ 1 3 1, t h e  c a t i o n  d i s t r i b u t i o n  f o r  s l o w  c o o l e d  s y s t e m  c a n  b e  w r i t t e n  a s  :
(Z n y  C u y  F c ? . \ _ ,  )A [ C u ;  . ,  F e ] ; % C r ^ ]  0 4 ? U )
w h e r e  v  =  1 5 %  o f  C u  i o n s  o n / 4 - s i t e  1 1 4 ] .
T h e  X - r a y  i n t e n s i t y  a n a l y s i s  o n  q u e n c h e d  s y s t e m  s h o w s  t h a t  f o r  v  > 0 . 1. Z n  r e p l a c e s  
1'C i o n s  I r o m  t h e  / i - s i t e  t o / 4 - s i t e .  T h e r e f o r e ,  t h e  c a t i o n  d i s t r i b u t i o n  f o r  q u e n c h e d  s y s t e m  c a n  
h e  a s  :
(Zng♦ C u 2+ F e 3 *9  x ^  U \ r t l - 0  9 x - x )  [^-  U f -  X s ^ 0 9  H I  ^  r  '  f ^ n 0 *1 I ] ( 2 )
w h e r e  v =  1 5 %  o f  C u  i o n s  o n  / 4 - s i t e  [ 1 4 ] .
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Figure 2 .  D i e l e c t r i c  c o n s t a n t  ( e  ) a s  a  f u n c t i o n  o f  t e m p e r a t u r e  f o r  
Z n C u F e C r O  s y s t e m
I n  o r d e r  t o  c h e c k  t h e  p o s s i b i l i t y  o f  C u ,+  i o n s  i n  t h e  s y s t e m s ,  d . c .  r e s i s t i v i t y  a n d  
d i e l e c t r i c  c o n s t a n t  m e a s u r e m e n t s  w e r e  p e r f o r m e d .  T y p i c a l  c u r v e s  o f  d i e l e c t r i c  c o n s t a n t  
versus t e m p e r a t u r e  a r e  d e p i c t e d  i n  F i g u r e  2  f o r  s l o w  c o o l e d  a n d  q u e n c h e d  s a m p le s .  T h e  
r o o m  t e m p e r a t u r e  r e s i s t i v i t y  ( p )  f o r  a l l  t h e  s a m p l e s  w a s  f o u n d  t o  b e  o f  t h e  o r d e r  o f  
1 0 6 o h m - c m  i n d i c a t i n g  a b s e n c e  o f  m i x e d  v a l e n c y  i n  s a m p le s .  T h e  t e m p e r a t u r e  d e p e n d e n c e  
o f  d i e l e c t r i c  c o n s t a n t  [€'(T)] e x h i b i t s  n o  r e l a x a t i o n  p e a k  e v e n  a t  h i g h e r  t e m p e r a t u r e s ,  u n l i k e
?0A(4)-6
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the ferrite systems containing C u 1+ ions [15]. In light o f above results it can be inferred that 
the present systems does not show mixed valence behavioi r.
The saturation m agnetization per form ula unit nB(pB) obtained from magnetization 
data for slow cooled and quenched sam ples are sum m arized in Table 1. The 
decreases with increasing Zn-content (jc) (x > 0.1) indicating ferrim agnetic behaviour 
decreases with increasing x. The lower values o f saturation magnetization per form ula unit 
for all quenched samples are due to the presence o f Zn2+ ions on octahedral sites.
Table 1* Magneton number Canting angle (0), Freezing temperature (7)), Neel
temperature (7yy), Mossbauer parameters (298K) for ZnxCu j _AFeCr04 system
X Magnetization a.c. susceptibility Mdssbauer parameters
Canting 
angle (0) 
in degree
TfiK) T ^K ) I.S.
(mm/sec)
Q.S
(mm/sec)
Slow cooled samples
0 .0 0.33 0.00 575 — —
0 .1 0.43 27.29 — 545 0.27 0 36
02 0.28 43.97 510 0 18 0 27
0.3 0 23 53 92 — 460 0.18 0.27
0.4 0.17 61.81 — 420 0.18 0.27
0.5 004 69 17 — 375 0 27 0 18
0.6 0.02 74.45 — 350 0.36 0 09
Quenched samples
0 .0 0.25 000 395 520 — —
0.1 0.32 27.69 330 475 0.27 0.36
0.2 0.21 40.48 198 455 0 18 0 27
0 3 0 17 51 57 150 420 0.18 0.27
Isomer shift (I S.) with respect to Fe metal, error ± 0.02. Quadrupole splitting (Q S ), error ± 0 Oh 
T ^K )  and T fK \  error ± 5 K
The observed low values o f nB *  0.5 to 0.04 p B for slow cooled samples and nB ~ 0.4 
to 0.2 p B for quenched samples (compared with the spin only moments 5 |iB, 3 |XB, 1 p B, for 
Fe3+, Cr3* and Cu2+ respectively in the Neel configuration) (Table 1) suggests that no long 
range ordering contributes by transverse com ponent but it exists only for the longitudinal 
com ponent with com pletely disordered transverse com ponent. This supports the random 
freezing o f  'spin cluster’ in the systems ra th tr than freezing o f  individual spin as in the case 
o f conventional spin glasses.
A ccord ing  to N ee l's  two sub-lattice model o f  ferrim agnetism  (16), the Neel's 
m agnetic m om ent per formula unit in p B, nB is expressed as,
n%(x) = Mb(x ) -  Ma(x), (3)
where MB and MA are B- and A-site magnetic moments, respectively in pg.
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T h e  e x p e r i m e n t a l  v a l u e s  o f  s a t u r a t i o n  m a g n e t i z a t i o n  p e r  f o r m u l a  u n i t  a r e
f o u n d  t o  b e  l o w e r  a s  c o m p a r e d  t o  c a l c u l a t e d  v a l u e s  o b t a i n e d  b y  u s i n g  e q .  ( 3 )  f o r  b o t h  
s l o w  c o o l e d  a n d  q u e n c h e d  s y s t e m s  i n d i c a t i n g  t h a t  s i g n i f i c a n t  c a n t i n g  e x i s t s  o n  £ - s i t e s  
s u g g e s t i n g  m a g n e t i c  s t r u c t u r e  t o  b e  n o n - c o l l i n e a r  ( c a n t e d )  w h i c h  l e a d s  t o  c a n t e d  s p i n  t y p e  
o f  m a g n e t i c  o r d e r i n g  i n  b o t h  t h e  s y s t e m s .  T h e r e f o r e ,  t h e  c a n t i n g  a n g l e  ( 0 )  c a n  b e  c a l c u l a t e d  
b y  u s i n g  t h e  r e l a t i o n
nB =  Mb cos6  -  Ma .
T h e  e x p e r i m e n t a l  v a l u e s  o f  c a n t i n g  a n g l e  (0) c a n  b e  o b t a i n e d  u s i n g  o b s e r v e d  nB 
v a lu e s  f o r  s l o w  c o o l e d  s a m p l e s  w i t h  t h e  h e l p  o f  r e l a t i o n  :
nB =  4{x  +  I +  y )  c o s 0  -  [ 5 ( 1  -  jc )  -  4 ( y ) ] ,
w h i l e  f o r  q u e n c h e d  i t  c a n  b e  o b t a i n e d  u s i n g  r e l a t i o n  :
nB =  ( 4  +  3 . 5 jc +  Ay) c o s  Q -  [ 5  -  4 . 5 x  -  4 y ] .
T h e  t h e r m a l  v a r i a t i o n  o f  a . c .  s u s c e p t i b i l i t y  lXac(D] f o r  s l o w  c o o l e d  s a m p l e s  
w i t h  x =  0 . 1 ,  0 . 2 ,  0 . 3 ,  0 . 4 ,  0 . 5  a n d  0 . 6  i s  s h o w n  i n  F i g u r e  3 .  I t  c a n  b e  s e e n  f r o m  F i g u r e  3
Figure 3. Thermal variation of a.c. susceptibility for slow cooled samples of 
ZnCuFeCrO system.
t h a t  u p t o  x <  0 . 4  t h e  b e h a v i o u r  i s  s i m i l a r  t o  t h a t  o f  f e r r i m a g n e t i c  s a m p l e s  b u t  f o r  x >  0 . 4  
t h e r e  i s  s u d d e n  c h a n g e  i n  n a t u r e  a s  w e l l  a s  r i s e  i n  t h e  v a l u e  o f  s u s c e p t i b i l i t y  a t  7 7  K  a s
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c o m p a r e d  t o  i t s  v a l u e  a t  2 9 8  K  ( F i g u r e  4 ) .  T h e s e  o b s e r v e d  f e a t u r e s  c a n  b e  e x p l a i n e d  as  
f o l l o w s .
Figure 4. Relative susceptibility with Zn-concentration (.r)
F r o m  e q .  ( I )  i t  c a n  b e  s e e n  t h a t  t o r  x =  0 . 5  a n d  0 .6 , t h e  m a g n e t i c  i o n  c o n c e n t r a t i o n  
o n  t h e  A - s i t e  \M{A)] i s  n e a r  t o  t h e  A - s u b l a t t i c e  p e r c o l a t i o n  t h r e s h o l d  ( 0 . 4 2 9 )  [ 1 7 ]  
T h e r e f o r e ,  n o  l o n g  r a n g e  o r d e r i n g  i s  p o s s i b l e  i n  t h e  s y s t e m .  H o w e v e r ,  i f  w e  a s s u m e  th e  
s h o r t  r a n g e  i n t e r a c t i o n s  a r e  p r e s e n t  a n d  t h e s e  a r e  l i m i t e d  t o  f i r s t  n e i g h b o u r  t h e n  a c c o r d i n g  
t o  m e a n  f i e l d  t h e o r y  t h e  i n t e r a c t i n g  s p in s  f o r m  c l u s t e r s  w h i c h  b e h a v e  a s  s i n g l e  e n t i t i e s  
b e l o w  a  c e r t a i n  t e m p e r a t u r e .  T h e s e  c l u s t e r s  m a y  n o t  h a v e  t h e  c o l l i n e a r  s p in  c o n f i g u r a t i o n  
w i t h i n ,  a s  t h e  n e a r e s t  n e i g h b o u r s  a r e  a t  r a n d o m .
I t  i s  f o u n d  t h a t  f o r  x > 0 . 4  t h e  c a n t i n g  a n g l e  is  g r e a t e r  t h a n  6 0 °  ( T a b l e  1 ) s o  i t  is  
e x p e c t e d  t h a t  a  t r a n s v e r s e  c o m p o n e n t  i s  m u c h  l a r g e r  t h a n  l o n g i t u d i n a l  c o m p o n e n t .  A s  a 
r e s u l t  n o w  o b s e r v e d  n a t u r e  o f  {^ (T ) ] ( F i g u r e  3 )  c a n  b e  e x p l a i n e d  o n  t h e  b a s i s  o f  g r a d u a l  
i n c r e a s e  o f  s p i n - s p i n  c o r r e l a t i o n  a s  t h e  t e m p e r a t u r e  is  l o w e r e d .  F r o m  F i g u r e  3 i t  c a n  b e  seen 
t h a t  n o  p e a k  i s  o b s e r v e d  u p  t o  8 0  K ,  w h i c h  s u g g e s t s  t h a t  i n t e r - c l u s t e r  i n t e r a c t i o n  i s  n o t  
c o m p a r a b l e  t o  t h e  t h e r m a l  e n e r g y ,  o t h e r w i s e  t h e r e  s h o u l d  b e  a  r a p i d  i n c r e a s e  i n  t h e  
m a g n e t i c  v i s c o s i t y  r e s u l t i n g  i n  t h e  f r e e z i n g  o f  c l u s t e r s .  T h e r e f o r e ,  s u d d e n  i n c r e a s e  in  
s u s c e p t i b i l i t y  f o r x  >  0 . 4  ( F i g u r e  4 )  i n d i c a t e s  t h a t  t h e  s y s t e m  is  a p p r o a c h i n g  t h e  c l u s t e r  s p in  
g l a s s  t y p e  m a g n e t i c  o r d e r i n g .
F i g u r e  5  s h o w s  ( h e  t h e r m a l  v a r i a t i o n  o f  a . c .  s u s c e p t i b i l i t y  1 ^ ( 7 ) ]  f o r  q u e n c h e d  
s a m p l e s  w i t h  x =  0 . 0 ,  0 . 1 ,  0 . 2  a n d  0 . 3 .  T h e  r e s u l t s  o f  [ , £ 1C( 7 ’) ]  ( F i g u r e  5 )  s h o w  a n  
a s y m m e t r i c a l  p e a k  c e n t e r e d  a r o u n d  i t s  r e s p e c t i v e  f r e e z i n g  t e m p e r a t u r e  ( Tf ) ,  w h i c h  i s  a n  
i n d i c a t i o n  o f  s o m e  d e g r e e  o f  m a g n e t i c  o r d e r i n g  o r  n e t  r e s u l t  o f  c o m p e t i n g  a n i s o t r o p i e s  in  
t h e s e  c h o s e n  s a m p l e s .  S i m i l a r  a s y m m e t r i c a l  p e a k  h a v e  p r e v i o u s l y  r e p o r t e d  f o r  o t h e r  
d i l u t e d  s y s t e m s  f l 8 - 2 0 | .  T h e  o b s e r v e d  s h a r p  m a x i m a  a t  Tf «  3 9 5  K  a n d  3 3 0  K  f o r  
x =  0 .0 , 0.1  r e s p e c t i v e l y  a n d  b r o a d  m a x i m a  a t  7 } =  1 9 8  K  a n d  1 5 0  K  f o r  x = 0 . 2 ,  0 . 3  
r e s p e c t i v e l y ,  h a v e  b e e n  f o u n d  t o  s h i f t  t o  l o w e r  t e m p e r a t u r e  u p o n  a p p l i c a t i o n  o f  a n  
e x t e r n a l  m a g n e t i c  H e l d  o f  t h e  o r d e r  o f  4  K  A m - 1 . T h e  m a x i m u m  o b s e r v e d  i n  [ ^ oc( 7' ) l  
c u r v e s  c a n  b e  e x p l a i n e d  a s  a r i s i n g  f r o m  t h e  s t r e n g t h  o f  t h e  l o c a l  a n i s o t r o p y  f i e l d  b e c o m i n g  
l a r g e r  t h a n  a p p l i e d  e x t e r n a l  f i e l d  a t  Tf . I n  Z n , C u , _ , F e G r 0 4 s y s t e m  a s  Z n  c o n c e n t r a t i o n
S tu d y  o f  s lo w  c o o le d  a n d  q u e n c h e d  s a m p le s  e tc 5 0 3 "
i n c r e a s e s  f r o m  x =  0 . 1  t o  0 . 3  t h e  i n t e r a c t i o n  e n e r g y  ( ZJAB SA SB) w h i c h  g i v e s  r i s e  t o  
f e r r i m a g n e t i c  o r d e r i n g  a t  N e e l  t e m p e r a t u r e  ( T N ) ,  d e c r e a s e s ,  a s  a  r e s u l t ,  t h e  f r u s t r a t i o n  
a n d  d i s o r d e r  a l s o  i n c r e a s e s .  T h e s e  t w o  p a r a m e t e r s  l e a d  t o  t h e  r a n d o m  f r e e z i n g  o f  c l u s t e r  
m o m e n t s .  T h i s  c a n  b e  c l e a r l y  s e e n  f r o m  t h e  d e c r e a s e  i n  t h e  N e e l  t e m p e r a t u r e  ( 7 ^ )  
a n d  f r e e z i n g  t e m p e r a t u r e  (Tf) d e d u c e d  f r o m  t h e r m a l  v a r i a t i o n  o f  a .  c .  s u s c e p t i b i l i t y  
m e a s u r e m e n t s  ( T a b l e  1 ) .
Figure 5. Thermal variation of a c susceptibility for quenched samples ol 
ZnCuFeCrO system
T h e  m a g n e t i c  b e h a v i o u r  o f  t h e  x =  0 . 1  t o  0 . 3  s a m p le s  i s  p a r t i c u l a r l y  i n t e r e s t i n g .  
T h e s e  s a m p l e s  s h o w  n e a r l y  o n l y  o n e  o r d e r i n g  i n  lX&c(T)\ c u r v e s  a t  T f ( F i g u r e  5 )  
c o r r e s p o n d i n g  t o  a  m a x i m u m  a n d  t h e  s h i f t i n g  o l  T j t o  l o w e r  t e m p e r a t u r e  u p o n  a p p l i c a t i o n  o l  
e x t e r n a l  f i e l d  a r e  g e n e r a l  f e a t u r e s  o f  c l u s t e r  s p i n  g l a s s  t y p e  o l  o r d e r i n g .  T h e  s u d d e n  r i s e  
in  v a l u e  o f  Xac f ° r  *  >  0 .1  c a n  b e  e x p l a i n e d  o n  t h e  s i m i l a r  b a s i s  a s  i n  t h e  s l o w  c o o l e d  
s a m p le s .
T h e  N e e l  t e m p e r a t u r e s  f o r  q u e n c h e d  s a m p le s  a r e  f o u n d  t o  b e  l o w e r  a s  c o m p a r e d  t o  
t h e  s l o w  c o o l e d  s a m p l e s  a t t r i b u t e d  t o  t h e  r e p l a c e m e n t  o f  Z n 2+ i o n  o n  # - s i t e  w h i c h  d i l u t e s  
t h e  m a g n e t i c  l i n k a g e s  a n d  r e s u l t s  i n  l o w e r  v a l u e s  o f  N e e l  t e m p e r a t u r e .
I n  o r d e r  t o  c o n f i r m  t h e  c o n c e p t  o f  c l u s t e r  s p i n  g l a s s ,  f u r t h e r  t h e  M d s s b a u e r  s p e c t r a  
o f  t h e  s l o w  c o o l e d  a n d  q u e n c h e d  s a m p l e s  w e r e  t a k e n  a t  r o o m  t e m p e r a t u r e  ( 2 9 8  K ) .  T y p i c a l
504 K u n a l B  M o d i, V  T  T h a n k i a n d  H  H  J o sh i
M o s s b a u e r  s p e c t r a  f o r  s l o w  c o o l e d  s a m p l e  w i t h  x =  0 . 2 ,  0 . 5  a n d  0 . 6  a r e  d i s p l a y e d  i n  
F i g u r e  6 . M o s s b a u e r  s p e c t r a  f o r  q u e n c h e d  s a m p l e  w i t h  x =  0 . 1  a n d  0 . 3  a r e  d i s p l a y e d  
i n  F i g u r e  7 .  I n  b o t h  t h e  c a s e s ,  s p e c t r a  e x h i b i t s  t h e  p r e s e n c e  o f  a n  i n t e n s e  c e n t r a l  q u a d r u p o l e
Figure 6. Typicsfl Mossbaur spectra (298 K) for the slow cooled samples of 
ZnCuFeCrO system.
d o u b l e t  s u p e r i m p o s e d  o n  a n  u n r e s o l v e d  b r o a d  m a g n e t i c  h y p e r f i n e  f i e l d  d i s t r i b u t i o n  
i n d i c a t i n g  t h e  d o m i n a n c e  o f  s h o r t  r a n g e  o r d e r i n g  ( c l u s t e r i n g )  o v e r  t h e  l o n g  r a n g e  
f e r r i m a g n e t i c  o r d e r i n g  a s  i t  i s  s t r o n g l y  s u p p r e s s e d .  T h e  M o s s b a u e r  p a r a m e t e r s  d e r i v e d  f r o m  
t h e  l e a s t  s q u a r e  f i t s  a r e  g i v e n  i n  T a b l e  1 . I n  b o t h  c a s e s ,  q u a d r u p o l e  s p l i t t i n g  ( Q . S . )  d e c r e a s e s  
w i t h  i n c r e a s i n g  Z n 2+ c o n c e n t r a t i o n  ( T a b l e  1) .  T h e r e f o r e ,  t h e  o b s e r v e d  c l u s t e r i n g  i n  c h o s e n  
c o m p o s i t i o n  m a y  b e  a t t r i b u t e d  t o  t h e  f r u s t r a t i o n  a n d  d i s o r d e r  w h i c h  a r i s e  f r o m  th e  
c o m p e t i n g  t h e  n e x t  n e i g h b o u r  i n t e r a c t i o n  JABy JBB.
S tu d y  o f  s lo w  c o o le d  a n d  q u e n c h e d  s a m p le s  e tc 505
Figure 7. Typical Mossbauer spectra (298 K) for the slow cooled samples of 
ZnCuFeCrO system.
4. Conclusions
T h e  a b o v e  r e s u l t s  o n  s l o w  c o o l e d  a n d  q u e n c h e d  s a m p l e s  o f  d i s o r d e r e d  s p i n e l  s y s t e m  
Z n ^ C u 1_x F e C r 0 4 l e a d s  t o  t h e  f o l l o w i n g  c o n c l u s i o n s  :
( i )  t h e  r a t e  o f  c o o l i n g  h a s  h i g h l y  i n f l u e n c e d  t h e  s t r u c t u r a l  a n d  m a g n e t i c  p r o p e r t i e s ,
( i i )  i t  c l e a r l y  e s t a b l i s h e s  t h e  e x i s t e n c e  o f  a  c l u s t e r  s p i n  g l a s s  c o n s i s t i n g  o f  r a n d o m l y  
o r d e r e d  g r o u p s  o f  s p i n s  f o r  s l o w  c o o l e d  (jc >  0 . 4 )  a n d  f o r  q u e n c h e d  (x > 0 . 1 )  s y s t e m s .
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